The well-aligned carbon nanotubes (CNTs) arrays with opened ends were prepared in ordered pores of anodic aluminum oxide (AAO) template by the chemical vapor deposition (CVD) method. After then, silicon nanowires (SiNWs) were deposited in the hollow cavities of CNTs. By using this method, CNTs/SiNWs core-sheath composite structure arrays were synthesized successfully. Growing structures and physical properties of the CNTs/SiNWs composite structure arrays were analyzed and researched by the scanning electron microscopy (SEM), transmission electron microscopy (TEM) and X-ray diffraction spectrum (XRD), respectively. The field emission (FE) behavior of the CNTs/SiNWs composite structure arrays was studied based on FowlerNordheim tunneling mechanism and current-voltage (I -V) curve. And the photoluminescence (PL) was also characterized. Significantly, the CNTs/SiNWs core-sheath composite structure nanowire fabricated by AAO template method is characteristic of a metal/semiconductor (M/S) behavior and can be utilized to synthesize nanoscale PN junction or Schottky diode device. This process also could be useful for the fabrication of SiNWs and other nanoscale core-sheath composite structure nanowires with chemically inert interfaces for nanoscale electronic and device applications where surface oxidation is undesirable. The diameters and lengths of nanoscale composite structure arrays can be dominated easily, and the experimental result shows that the curling and twisting structures are fewer than those prepared by other synthesized methods.
With development of nanomaterial synthesizing technology, one-dimensional silicon nanowires (SiNWs) and carbon nanotubes (CNTs) have drawn much attention recently due to their interesting physical properties and potential device applications [1] [2] [3] . In recent years a number of fabricated methods have been reported in various countries [4] [5] [6] [7] . More recently, it also leads to speculations that the combination of these two kinds of nanoscale materials, such as filling CNTs with silicon or coating SiNWs with CNTs, fabricates core-sheath composite structure nanowire or nano-cable, as researching scientists think that SiNWs can be oxidized in air easily, but CNTs have a good chemical inertia and physical properties [8] [9] [10] , such as high tensile strength and a high Young's modulus. And creation of CNTs sheath around semiconductor nanowire core could be an effective methodology to prevent SiNWs surface oxidation commonly associated with semicon-ductor silicon and germanium nanowire. These experimental results also provide an efficient way to make one-dimensional quantum transistors and light-emitting electronic devices of nanoscale semiconductor materials.
Up to date, various synthesized methods of silicon and germanium nanowire with CNTs composite structure have been developed [8] [9] [10] [11] . That filling CNTs with SiNWs and germanium nanowires or coating SiNWs and germanium nanowires with CNTs to fabricate core-sheath composite structure by using the laser ablation and the vapor-liquid-solid growing technology are still the main methods, but the synthesized reports about highly ordered and large area CNTs/SiNWs composite structure arrays and other composite nanomaterials are very few and still an important studying item to nanoscale material researching. However, one of the efficient ways to fabricate ordered nanowires, nanotubes and nanowire arrays is the synthesis with AAO template methods. Porous AAO template is a widely studied material that is used for the fabrication of one-dimensional nanometer-scale structure as a medium template in recent years, because its morphology exhibits a lot of homogeneous parallel pores growing perpendicular to surface with a narrow distribution of diameter from 10-400 nm and the depth of temples can be well controlled between several nanometers to several micrometers, it also exhibits a good chemical inertia and physical stability. So combining its properties with the electrochemistry, vacuum, electroplating and the chemical aggregation synthesized technology, it can be widely applied in controlled ordered growth and assembled techniques of various nanowires and nanotubes. Here, we mainly introduce the preparation of homogeneous, highly aligned, and controlled large area CNTs/SiNWs core-sheath composite structure arrays in ordered pores of AAO template by CVD method.
Experimental
The AAO template preparing method, template separated from aluminum sheet and the technology of pore bottoms opened or enlarged were made by electrochemical method as the previous procedures published elsewhere [12] [13] [14] [15] [16] . Al sheets in purity of 99.990 % were anodized at 65 and 120 V in H 3 PO 4 aqueous solution (0.3 mol/L, T = 10℃), after then the AAO templates should be washed with doubly distilled water and dried by hot pure nitrogen gas. The thickness of AAO templates is about 50 μm and the diameters of pores in AAO templates are about 100 and 200 nm, respectively. Fig.1 shows the surface mor- 
